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and situs inversus — have all been
related to defects in ciliary
assembly and function. It has been
exciting to watch a discovery made
in the basic cell biology of flagella
of a green alga, Chlamydomonas,
provide important new information
about human diseases. 
The other major advance that
has been critical for us is video-
enhanced differential interference
contrast imaging, as first shown by
Robert Allen and Shinya Inoue. We
never would have seen
intraflagellar transport without
these optical advances in imaging;
indeed, a century of observations
of flagella did not reveal it.
In hindsight, what in your
research career has given you
the most pleasure? When I
applied for my first NIH post
doctoral fellowship in 1963, I had to
fill out the usual section on
significance of my proposed
research on ‘cilia assembly in
protistans’ and its relationship to
human disease. I asked my thesis
mentor, George Holz, what I should
write in this section: all he said was
“rod outer segments and
blindness”. I had to go to the
library and do some reading to see
what he meant. Thirty five years
later, with Joseph Besharse,
George Witman and Greg Pazour
and our students, we were able to
publish a paper showing that
disruption of intraflagellar transport
in the mouse caused degeneration
of the retinal rod outer segment —
part of the cell assembled from the
distal portion of the rod cell
primary cilium, and maintained in
the mature rod cell by intraflagellar
transport in the connecting cilium
between the rod inner and outer
segments. I wish Holz had been
alive to see it.
I also take a lot of pride in the
students who have worked in my
laboratory for the past 37 years.
I’ve had a lot of real good ones,
most successful academics now,
and if I look back to what I regard
as the successes of my laboratory,
I can trace them to these students.
I still collaborate with some of
them, and as a matter of practice I
keep up on their career progress
until they get tenure, and
sometimes long after, as many of
them know.
What do you think are exciting
problems in your research area?
You mean, what would I really like
to know? For one, how do both
primary (nonmotile) and motile cilia,
which have a host of specific
channels and receptors on their
membranes, act as sensory
organelles, and how do they send
the signals they receive from the
environment back to the cell body?
Is intraflagellar transport directly
involved in this signalling? We have
new data that suggests it might be.
How do the multitude of
intraflagellar transport
polypeptides actually function? For
example, at the flagellar tip, how
do the intraflagellar transport
particles switch their motors from
kinesin to dynein, unload their
cargo of flagellar precursor
proteins, and pick up new cargo
from turnover at the tip to return it
to the cell body, with hardly a
pause? If one watches the rapidity
of the process, it is hard to imagine
so much going on at the tip. Yet
there are structures there, stuck
into the ends of the microtubules,
initially discovered by my student
Bill Dentler in 1977, that no one
knows anything about. 
Is it more than a coincidence
that the primary cilia in many cells
in G0/G1 phase resorb before the
cell can complete cell division —
does cell division depend in some
way on cilia resorption? What
controls cilia/flagellar length, and
why does the cell specifically up-
regulate only the genes for ciliary
proteins (over 200 of them) when
cilia are detached or experimentally
shortened; when cilia reach full
length this specific
transcription/translation rapidly
falls to constitutive levels. What a
marvelous system for studying the
control of organellar protein
synthesis, especially with the new
genetic and genomic tools now
available for Tetrahymena and
Chlamydomonas!
I am 71 years old, but I don’t
think I’m going to lose interest in
my research for a while, and I’m
certainly not thinking of retiring —
not with all these fascinating
problems to work on!
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Essay
Is the key to
conservation
changing ethical
values or policing
unethical
behavior?
P. Kareiva
As long as they have been plying
their craft, artists and writers have
dwelled on man’s greed and
selfishness. While it is not
surprising that human character
flaws are a central theme in the
arts, one does not usually think of
talk about the human character as
a subject for scientists. But human
morality and behavior is in fact
crucial to everything from ocean
fishing, to sustainable forestry and
human population growth.
Perhaps this does not sound like a
shocking idea now, but it was very
controversial almost 40 years ago,
when Garret Hardin published an
astonishingly influential paper
entitled ‘“Tragedy of the
Commons” [1]. Hardin’s paper has
become perhaps the single most
cited essay in conservation and
environmental science; Google
Scholar
(http://scholar.google.com)
records 1723 citations of this
article, which is at least a thousand
more citations than I could find for
any other foundational ecology
paper.
In Hardin’s essay, a ‘commons’
is an unregulated public pasture
on which citizens of a town can
graze their livestock. It is in each
citizen’s best interest to add
another animal to graze on the
commons even though the
reduction in forage harms the herd
as a whole. The inexorable
ratcheting up of the herd on the
pasture eventually leads to
overgrazing and the destruction of
the commons. This parable
reflects the propensity of people to
over-utilize and eventually deplete
any unregulated public resource
whether it be land, clean air, or fish
in the ocean. The idea is simple,
yet radical: we humans will not act
for the common good when it
comes to matters of resource use
or the environment and will instead
do what is best for ourselves as
individuals. This selfishness
inevitably leads to a tragedy of
environmental degradation, over-
exploitation, and over-population.
Hardin saw only two possible
positive outcomes of this tragedy:
privatization and private ownership
of pastureland, which might yield
sound management in self-
interest, or alternatively
government ownership and
regulation of such resources. If we
look around the world today, these
are indeed the approaches most
often proposed for resource
management problems.
Hardin had no faith in the ability
of humans to do the right thing for
the public good and championed
instead, “mutual coercion,
mutually agreed upon”. It seems
very natural to expect the worst of
humans and lament our greed as
the source of so many
environmental problems. For
example, we need strict fishing
regulations because it is in the
interest of each individual
fisherman to catch as many fish as
possible, even as stocks are
declining due to overfishing. On
Easter Island an entire culture fell
into cannibalism and self-
annihilation after the last tree was
cut down [2] — but the man who
cut down the tree to make the last
canoe probably had an advantage
as long as he lived. 
And when conservationists are
not arguing for stronger
environmental regulations they do
analyses and write papers trying to
show, in fact, that protecting
biodiversity is in our self-interest.
Economic valuation studies are
designed to show the payoff to
conservation. The idea is that if
only we all appreciated how
biodiversity improves our own
personal lot in life, then there
would be selfish motivation to
reduce the many threats that drive
species toward extinction. 
In short, everyone seems to
have accepted the one basic
premise of Hardin’s seminal paper:
ethical values and conscience
simply will not work as a
foundation for a sound
environment. Hardin wrote, “Ruin
is the destination towards which all
men rush, each pursuing his own
best interest in a society that
believes in the freedom of the
commons. Freedom in a commons
brings ruin to all”.
Despite its enormous influence
and visceral appeal, the tragedy of
the commons has two
undercurrents that the
conservation movement sweeps
under the rug. First, a key
conclusion that Hardin drew was
that we must restrict the freedom
to reproduce because the tragedy
of the commons will inevitably lead
to overpopulation. He felt that only
by relinquishing the freedom to
breed could other ‘more precious
freedoms’ be preserved. It is
conspicuous how virtually all
international conservation NGO’s,
and all international conservation
agreements steer clear of
discussing the regulation of
reproductive rights for the sake of
population control. 
In fact, population growth and
population control, which
unarguably are core to many
environmental threats, remain at
the fringes of biodiversity and
conservation discussions. From
the perspective of conservation
organizations, this probably makes
good sense. The tragedy of the
commons is more palatably
invoked for less politically sensitive
choices than reproduction. The
message is that we should
regulate fishing and industrial
pollution, but not reproduction.
Interestingly, the global annual rate
of population growth has declined
by almost 50% since its peak of
2.1% growth during the time when
Hardin wrote his essay
(1965–1970), to a growth rate of
1.2% in 2002 [3]. Perhaps, without
restricting the fundamental
freedom to have children,
population growth will be curbed.
A subtler uneasiness about the
tragedy of the commons is its
appeal to ‘what is practical’.
Hardin obviously did not argue
against ethics and moral values
per se. Rather, he argued against
them as a practical response to
environmental problems:
regulation and legal restrictions
work, whereas human ethical
systems do not work. Certainly, a
major accomplishment of the
environmental movement has been
an impressive array of legislation
that has substantially improved the
quality of our air and water. But
there are now several prominent
environmental intellectuals who
question the extent to which
legislation and an appeal strictly to
self-interest provides an adequate
response to environmental threats. 
Global warming is probably the
environmental threat that has most
caused environmental thinkers to
question how much can be
accomplished by regulations alone
[4]. International agreements such
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Logging, which can lead to deforestation and habitat degradation is one example of
resource extraction that is vulnerable to the tragedy of the commons. (Bureau of Land
Management/photo by T. Hogervorst.)
as the Montreal Protocol, which
curbed the use of ozone-depleting
chemicals, were wildly successful
because the reduction of the
ozone layer led to increased
incidence of human cancer. In
general, cleaning up the airs and
waters of the world was an easy
sell because of the connection to
human health. But biodiversity and
climate change are not so easily
linked to human self-interest.
Certainly there are connections —
but the connections can be pretty
tenuous, and the sacrifices
required to halt global warming or
prevent species extinctions are
substantial and will be painful for
some sectors. Conservationists
like to pitch win-win solutions [5];
although these solutions exist they
can be very hard to achieve. 
Thus using self-interest to
rationalize and build support for
resource restrictions and
biodiversity protection has
limitations. The fact is we have not
had much success addressing
large-scale environmental
degradation such as global
warming or massive habitat
destruction. The treaties and
political agreements that get
approved lack teeth, and
enforcement is nonexistent.
In direct contradiction to
Hardin’s scoffing at moral
authority, Paul and Anne Ehrlich [6]
recently argued that the scale of
our environmental problems
demand that we change attitudes
and values, as well as strengthen
government regulations. Whereas
Hardin argued that environmental
morality could never be enough
and instead coercion was
necessary, the Ehrlichs argue that
coercion by itself will not work
unless there is a commitment to
changing social attitudes. They
also reject the charge that such a
call for attitude shifts is naïve.
They base their optimism on what
was accomplished by such
inspirational leaders as Martin
Luther King, Jr. And they
emphasize the need for a change
in attitudes because they see
consumption and fundamental
lifestyle choices as an underlying
environmental problem that cannot
be addressed by legislation.
Paul and Anne Ehrlich [6] remind
us that attitudes do change, and
basic ethical values do evolve,
with profound consequences for
the quality of life. The tragedy of
the commons may be real, but not
inevitable. It is unclear whether
ethical behavior is doomed to fail
as a foundation for a sustainable
environment, or alternatively that
we have not put a great enough
effort into teaching and promoting
an environmental ethic.
The tragedy of the commons is a
powerful essay. It is now
essentially a platitude that appears
in the majority of introductory
biological and environmental
textbooks. Unfortunately, in the
process of being canonized in our
textbooks, the tragedy of the
commons has escaped the arena
of public debate. It is an idea with
merit. No one would argue that we
abandon regulation and legislation
as a tool for environmental policy.
But discussions about restricting
certain behaviors — especially
reproduction, which is arguably
the behavior most in need of
restriction — have been avoided,
simply because they are too
politically sensitive. And the very
assumption that regulation is
sufficiently effective is now being
challenged. In the next fifty years,
the success of the environmental
movement may depend much
more on its ability to change ethics
and values, than its ability to lobby
for the Kyoto agreement. Some
might argue that the real tragedy
would be if we were to give up so
easily on the potential benefits of
changing societal attitudes and
values.
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Quick guide
Newts
Jeremy Brockes and Anoop
Kumar
What are newts? Newts are
aquatic, tailed (urodele)
amphibians with a complex life
history. All urodeles are
salamanders, and newts are
salamanders which live in the
water as adults. Three species of
newt that are used in experimental
biology are Notophthalmus
viridescens, the red-spotted newt
from the United States (Figure 1),
Pleurodeles waltl, the Iberian
newt, and Cynops pyrroghaster,
the Japanese newt. Another
urodele used in the laboratory is
the axolotl, Ambystoma
mexicanum, which is a neotenic
larval salamander and not a newt.
Why are they called ‘newts’?
Newt is derived from ‘eft’, the
original word for these animals.
Eft is now used exclusively for the
terrestrial juvenile form.
What is their life cycle? During
their life, newts go through three
distinct stages: aquatic larval,
terrestrial juvenile and aquatic
adult. After larval metamorphosis
is completed and the gills are lost,
the juveniles leave the water.
During their terrestrial life,
Notophthalmus juveniles are 3–5
cm in size with reddish coloration
and are called ‘red efts’ (Figure 1).
During their land life, which lasts
between one to three years, the
efts become sexually mature.
After the second metamorphosis
the adults return to the water and
the coloration changes to a
greenish olive with red spots
along the dorsal side.
Why have newts been
attractive for research? First,
they provided the major focus for
amphibian embryology before the
era of Xenopus. Second, their
nuclei have a large haploid DNA
content, in the range of 20–40 pg.
Therefore, they offer large cells,
nuclei and chromosomes
